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© Spring-force measuring apparatus. 

f© The invention relates to an apparatus for measuring the 
spring force exerted upon a nuclear fuel rod when inserted 
through a fuel-assembly grid-cell having supporting spring 
means disposed therein. 

The apparatus comprises a pair of bars (52. 54) which are 
hinged together and have end portions (62, 66) adapted for 
insertion into a grid cell (42). The bars are adjustable (86) to 
adapt the overall cross-sectional dimension of the insertable 
end portions (62. 66) to different fuel-rod diameters. The 
apparatus includes further a strain gauge (106) for sensing 
the progressively stronger force applied to the spring means 
(44) through operation of force generating means (80); a pair 
of normally closed contacts (108) connected to the spring 
gauge and set to open at the instance the spring means (44) 
yields to the increasing force being applied, and means (112) 
providing an indication of the level of force causing , the 
spring means to yield. 
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' 'SPRING- FORCE -MEASURING APPARATUS . 

'The ptBSent invention jx,e late s generally to fuel 
assemblies for nuclear- reactors -and> ymore. particularly, to 
an ^apparatus for measuring: the spring force .imposed on a 
fuel rod when disposed "through a; cell in the support grid 
'of the fuel assembly . ~j ^ 

In most- nuclear: -reactors.-, the reactor; core is 
' composea of a-l&r'ge ; number of. elongate, fuel assemblies each 
including a plurality of. fuel .rods; held in an v organized 
array by grids which' are spaced in >the longitudinal direc- 
tion 1 - of ^th'e ' fuel - assembly /and attached -to. elongate 
coritr d^robV guide thimbles: which^ likewise form^part of the 
y ruel ; assembly ? and -have" end nozzles secured t?p ^opposite end 
portions thereof j • a. -o... - : . , 

As well known^vinvthe jart, ..the.-. grids of a fuel 
' assembly are used to maintain a precise spacing .between the 
■fuel rods to prevent -rod vibration, to provide, lateral sup- 
port 'for the fuel rods, and to frictionally hold the fuel 
rods against longitudinal, movement thereof. Conventional 
grids usually are formed- of straps interleaved egg-crate- 
like to define open cells each designed. to receive a fuel 
rod dr *controI-rod guided thimble; The^cells intended to 
receive fuel rbdb -are' provided with spring means, usually 
in the v form bf resilient- portions of the straps,: and rela- 
tively ri^i'd protrusions or . dimples- formed -on*. -strap por- 
tions opposite the respective .spring means-. , The springs 
"and c: dimples- in' each, grid cell" frictionally - engage and 
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it requires separate measuring plugs with different dimen- 
sions to .be made available for measuring V; spring forces 
associated with different fuel-rod diameters aWd^ai'fferent 
spacer geometries. ll " 

, . . It is the principal^ object 'of the invention to 

provide a technique for measuring ' grii-sprir^ fdrces in a 
manner w^ich .more nearly replicates ' real - life tonditi 6ns in. 
^ at it measures' the forces' actually experienced by fuel 
rods as they are supported ih the cells of a grid and which 
permits such measurements* to fee conducted with relative 
. ease, speed, and accuracy. 

. . , r . T , he invention accordingry resides' in an apparatus 
, f ; for. measuring the spring force ' imposed on a' fuel ' rod when 
disposed through a^ cell in J a "support grid of' trie fuel 
15 assembly which cell contain^ spring means; comprising: (a') 
■»>-i means for generating an increasing force' a^ a 1 first loca- 
tion external of the grid' cell/; (b) means for transmitting 
- - the increasing force from the first location and applying 
iX to the, spring ' means within the cell ; and (c) means for 
measuring the level of the increasing force Vt 'the instance 
application^ of the force causes deflection of the 
spring means. , L r! ' 

, More particularly; the "'invention provides a 
spring-force measuring apparatus comprising a pair of 
.„ hinged bars adaptable'to simulate 'fuel 'rods having differ- 
^ en ^ ! out ? id ^^ ia ^ ters '. a -strain gauge attached to one of 
the bars to sense the force applied to "the spring means, 
and normally closed electrical contacts on *£he bars which 
.separate, or open at the instance the applied force becomes 
marginally greater than the 'spring "reaction force causing 
..the - spring .means to deflect" ' The 'apparatus electrically 
records the. strain gauge "reading at this instance and thus 
provides a determination' of the spring' force for the 
preselected fuel rod outside diameter. By ' repeating the 
.procedure for. different preset dimensions' of ' the' pair of 
bars of ...the apparatus, the spring 'rate of 'the spring/dimple 
cell system in the grid can be 'determined. In such manner, 
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rapid, .r^ad,out of forces is obtained with minimum apparatus 
setup .requirements , and thus individual grid cells can be 
characterized with repeatability, speed and accuracy not 
attainable with conventional techniques. 
5 A preferred embodiment of the invention will now 

: be described, by way of example only, with reference to the 
accompanying drawings^ in. which: 

Fig. 1 is an elevational view, partly in' section, 
. . of a nuclear. fuel assembly having fuel rod "support grids in 
10 ■ conjunction with which the spring-force measuring apparatus 
embodying the invention can be employed; 

Fig. 2 is an . enlarged, fragmentary top plan view 
of^. one pf the fuel rod support grids of the fuel assembly 
of Fig. 1, showing the springrs and dimpies disposed within 
15. the grid cells and showing one of cells with a fuel rod 
extending therethrough; 

Fig. 3 is an enlarged fragmentary sectional view 
r taken along line 3-3 pf Fig. 2; 

Fig. 4 is an enlarged fragmentary sectional view 
20, similar to [ that of Fig. 3 but taken, along line 4-4 of Fig. 



Fig. 5 is a side elevationai " view " oi . l the' t! Spring- 
force measuring apparatus embodying the invention;' ^ J 

Fig... 6 is a top plan view of the spring-force 
25 measuring apparatus of Fig.' 5; and ' • 

Fig. 7 is another side elevation view showing the 
spring- force measuring apparatus" inserted into one* of the 
grid cells for the purpose of taking a spring- force 
measurement therein. 
30. In the following description," like reference 

characters designate like or corresponding parts throughout 
the several vi ; ews, and terms" such as "forward", "rearward", 
"left", "right", "upwardly" , "downwardly" , and' the like, 
are employed as words of convenience not to be tonstrued as 
35 . limiting terms. ^ 

Referring now to the drawings; • and'' particularly 
to Fig. " I,/ the' fuel'' assembly'' illustrated" therein in 
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, vertically foreshortened form and generally designated with 
reference numeral" "10 basically ' cbmprises: .a lower end 
..structure or bottom nozzle 12 for' supporting the- assembly 
on the lower core plate (hot shown) 1 in the- Core ;.regio*i of a 
reactor (not shown) / a plurality L bf guide tubes or thimbles 
14 extending longitudinally upward from the bet torn r.nozzfle 
12, a plurality of transverse • grids -IS^a'ki ally Traced along 
the, fuel assembly, an organized array o£ elongate fuel rods 
18 transversely spaced ahd : supported ; by the r "grids 16, an 
instrumentation tube 20 located' v in ^thef center of the 
assembly, , and an upper ° end' structured or top ncszle c 22 
attached r to the upper ehcis o£ the guide thimbles'' 1.4. The 
fuel assembly 10 forms an' integral ;^unrt ;-capable of being 
-conventionally handled without daiaage^to its" part;s>/^ 

j ... , t mentioned "above," the ^'fueT rods vl8 in., the array 
thereof in the assembly 10 are^ held in spaced ; relationship 
with one another by the grids" 16 spaced along the fuel 
assembly length. Each fuel rod ;; 16 r contains < nuclear fuel 
^pellets 24 and has its opposite ends' hermetic airly sealed by 
: means .of, end ; plugs 26, 28. K plenum "-spring 30 between the 
j, upper, end plug 26 and the peilets 24 aia?rita?ins the latter 
.firmly, stacked. A liquid modefator/doolahty' such as water, 
or water containing bbfbn, is pumped ^upward through the 
-fuel assemblies of the core, 'when in operation* .in' order to 
-extract heat generated therein for "the production, of useful 
.work. , ' '"' ' - :i : :T " v.- • 

The fission process is 1 control led by means of 
qontrql ..rods 32 reciprocally" movable iri r guide Lthimbles 14 
at predetermined locations withiri the : - fuel assembly 10. 
For this, purpose, the top nozzle 22 includes a rod cluster 
control mechanism 34 having an 1 internally threaded cylin- 
drical ; member 36 with a plurality of radially ^extending 
flukes or arms 38, each of which has a control rod 32 
connected thereto. ■ ' ' 1 ' . 

Grid Cell Spring Force Measurement Apparatus 

.for maintaining the precise spacing between the 
fuel rods .18 and holding the ' latter against lateral and 
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longitudinal, mpve^ent thereof/' the^'grldW 16 are conven- 
tionally, designed to impose on . each . fu.l rod; spring 
forces erected- racially, iXK^% toward the longitudinal 
axis of-the.rpd. Referring to Figs. 2 to '4, it is seen 
rtheref com,, that, . *aph of, the grid's 16 comprises a multi- 
plicity., of inner straps 40 .interleaved in an egg-drSte-lake 
•maftner^Q ,fqrm- ; open-end, cells,, as .indicated h at-42 a 
majority- . of which is designed to.' receive fuel' rods 18 (for 
•the pur P pse..of clarity, only .. one ceil 42 is shown' in Fag. 2 
Vdth .a.:.fuei rod ^S^disposed; therein), ; and a 'minority of 
^hich assigned to receive. control-rod . guid* ' thimbles 14: 

support, the fueur^s; l^^^f ' 
-along typi^ll^us^rel^elv^ resilient sprangs 44 and 
■ ■relatively -rigid protrusions or dimples .4k formed anto the 
>*f t^^tgrlesv^ "%er; ^raps 40 to generate the 

.-spring needeo^p hold ^ fuel rod. therein. Also, 

^the .JWWott^M ■^&» *}T bl ? %UCh 
.bov^somewhat.vhen,^ fuel ^ods 18' are disposed through the 

grid 

tW o springs,,*^ " 
, containing,a ; fuel„ rod, 18„and ,two dimplek;46- on Wh of two 
adjacent.^ides *f ^.,cell facing .each spring. The sprangs 
44,and,dimples 46, of ^ch^d cell ^ f rictibnaily engage 
or contact the respective fuel" rod 18 extending through -th 
.,, C e-l. /,'Addi^nalXy, outer, straps . 48 are attached together 
and peripherally ^close/the grid inner straps 40 to ampart 
.. .strength^and, rigidity to . the grid 16. Thu^the actual 
, 'spring .force imposed on a t given fuel rod 18 results from 
.interaction, with one another of Ibe resilient springs, 44, 
rigid dimples 46 and flexible interleaved straps 40 com- 
prising the cell. 42. which, receives the fuWrod.- In order 
to properly characterize the holding capability of an 
individual, grid 16,. ,it., ; is this .'spring' force that must be 

•-•measured., . - 

. ' Turning finally to 'VigsV 5 "to 7, for measuring 
the spring force, resulting f rom 'the combined action of the 
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system of resilient springs 44, rigid dimples 46 and 
flexible interleaved grid straps AO, imposed - oh 1 a given 
fuel rod 18 when disposed thVbugh one cell :, 4'2 in one of the 
support grids 16 of the fuel assembly 3 ' 19 / the' (present 
invention provides a grid cell force* measuring ' apparatus, 
generally designated*' 50/ The measuring^ '"^apparatus 50 
includes. a pair of front and rear elohgate members 52, 54 
having 'respective mid-sec tioris '56/ !1 58 and respective' upper 
and iower end portions 60, 62 and 64; 66 extending in 
opposite directions from the respective' mid- sections 56, 
58. The members 52, 54 are "' pivotal ly ^connected together : ^at 
.their, mid-sections 56, 58 such that , ""as- the upper end 
portions 60, 64 of the 1 members/ being juxtaposed in spaced 
apart relation to one another, are moved -toward and away 
from each other, the lower : end J portions : 62, -66 of the 
members, also being juxtaposed in" spaced apart relation to 
.one, another, are moved away from and ~ toward* each other. 

More particularly, the elongate members' 52, 54 of 
f.the measuring apparatus 50 take the form of a f pa'i j r of front 
and rear bars. The upper 'arid lower end portfbn^ 64, 66 of 
the. pcear bar 54 extend in opposite directions from the 
mid-section 58 t thereof arid' in generally linear alignment 
, with, one another , whereas the upper and loVer end rs port ions 
.60,. 62 _pf the front bar 52 : exteiid ! in opposite* directions 
from ,the mid-section 56 thereof but in c a transversely 
offset ..relationship. Due to such offset re Tationship, "the 
upper, end portion 60 of the front bar 52 "is spaced farther 
or remote from the upper end portion 64 of the rear bar 54 
while, the lower end portion 62 of the =front bar 52 is 
spaced .closer or adjacent to ' the loVer end portion 66 of 
the .rear bar 54. Additionally, a pair of transversely 
spaced tabs 68, 70 are attached to the rear bar 54 at its 
mid-section .58 and extend generally parallel u to one another 
and outwardly from a" side thereof facing the front bar 52. 
The, tabs 6.8, 70 have respective ^aligned holes 72, 74 
defined therethrough, whereas a hole 76 is defined through 
.the mid- section 56 of the' front bar' 52. Pi pi r vbt pin 78 
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extendi through the- "aligned wholes • 72 , 74 -int. .the spaced- tabs 
68/ 70 6n t r He' rear' bar 54 and through , the hole/.. 7.6 in the 
'front bar '52' so 'as t'd mount ; 'the 'front bar ; on, the- tabs for 
pivotal 'movement relative 'to the rear /bar.- - . ,,, : ; , 

' FiirtRe'r,''' the measuring apparatus. ,50 ...includes 

force' ■'generating- medns, - generally designated ; 80,;.. . coupling 
the' upper' end portions 60, 64 of the front- and. rear elong- 
ate 1 bars' '52^ -54 together and -, being operable to. apply a 
progressively ; increasing- f orce-so.' as < to draw, the upper, end 
portions toward- one another and thereby, -.yia r; the pivotal 
connection 6f • the ; bars,- push- the lower end. portions 62, 66 
apart from 'one another'. In particular, the; force, generat- 
ing means 80 includes a shaft 82 rotatably connected to one 
; of the upper end portions^ 60 /<;64. o£:,the bars 52, 54,v\such 
as the upper end- portion' 60. of ' .the front; .bar 52, and 
iznreadably ' connected' • -to thV other thereof, - such as the 
upp'er end portioft-< 64 of ^phe-o rear bar 54. A. knob 84 is 
attached to an- end of^ the^shaf *' >..82 dispose^- adjacent the 
front r bkr i 5 2 for faciIitating> iro^tipn of the,. shaft through 
^manual-' turnings of the r>knob.:- in '." either ■ of ,.^o opposite 
' di Sections in " drdeF J-ttf/cmoVe i the"- Cupper , ,end,vP9rtions 60 , 64 
oi the elongate b*ars -52w toward .an^i, away; ; from each 
' other. • ^hus, ' the- rO'tatablei sha^t.^? and *nob ; ,84 of the 
for r ce generating means' x80 are usedvto generate . an increas- 
ing force ^af a "fir?t location :.- along the elongate bars 52, 
54 vhfbh'' : will be ; external^- or the given one .grid cell 42 
; 'when the ' lower 1 end ^ortionsi J62 , 66, of the bars. 52, 54 are 

■ inserted ' in theT cell to- 'the . position seen, in Fig. 7 for' 
carrying • out T the measuring^ procedure, The elongate bars 
then serve as 1 : means'^ for transmitrting that increasing force 
from the first-' lob ation therealong and applying, the force 

■ at a second location displaced from. the. first- location and 
-■ internal of the one grid cell 42- . ..... 

The : elongate bars 52, v 54 of. the measuring appa- 
ratus 50 can -be •• ad justed to ■ simulate fuel. , rods of various 
diameters. Toward this end, means, in the form of a set 
screw 86 is attached to the lower end portion 62 or 66 of 
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the one o 4 f the elongate bars 52 54 and ^ca.n fee adjusted to 
preset the displacement between the lower ,end portions of 
the bars. Specifically:, by r rotating the set screw 86, 
which in : the - illustrated embodiment 4is threadably. attached 
5 to the' lower* lf * end portions 66 of the rear: bar 5,4 c and by 
simultaneously adjusting the - -shaft =\82;= ;on the upper end 
portion' 60 of f the : frorit- bar .52, the . set screw 86, is oper- 
able to coact? With the 4wer - end J portion 62 of , the front 
bar 52 to pt'eset^ 'a minimum displacement^between the bars at 

iO the* respective lower i : 'e'jid? pdrtions.j thereof , and thereby a 
minimum combined cross- sectional dimension of the bars at 
their lower ""end portions.; Then, when the lower, end por- 
tions of the &ars are inserted:; into, a given one .grid cell 
.42, such as seen' in : Fig: 7, they will simulate a fuel rod 

15 T8 'disposed through-' the' cell having a predetermined outside 
~ diameter - ,; 1 •' • . 'i .:' : .,":>.-o , ; ... 

l ' "Other features ^ of ^;th'e - measuring - apparatus 50 
comprise an adjustable" stop; C8> guide means -90. ..and limit 
means ' 92 . *" The" ad jus table - stop.': 88 ; includes !r a strip 94 

20 having an elongate ^lot '^- and^ being, attached, to one of the 
bars] such ,I as'*'the' i mid-section 58 . of . the . rear bar 54 along 
the r'earwardly facing -'^s'i'dei thereof , by a'; bolt 98 inserted 
through the slot. The strip 94 extends: downwardly a short 
distance and 1 has lower terminal;, end 100 for engaging the 

25 top of "a grid strap 40, as , seen in Fig.,. 7, to provide 
correct positioning of - the' lowesr end portions ,62 r 66 of the 
bar's 52', 54 'in the onev^rid cell £2 ; for applying the 
increasing force tb'orie of the springs 44. in the cell. The 
" position of the terminal end 100 of the strip 94- can be 

30 vertically adjusted by ' un tightening the bolt 98 and then 
sliding the strip 94 relative thereto. 

The guide means 90, being coupled between the 
upper end portions 60, 64 of the front and rear bars 52, 54 
to assist in maintaining alignment of the bars with one 

35 another as they are pivotally moved relative to one 
another, includes a guide pin 102 and a guide bore 100. 
The guide pin 102 is anchored in the upper end portion 60 
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... : .or- 6A.o£„«>e,nq£ the' elongate bars, 52) 54, such as the rear 
; bar- 54,. and. : extends transversely toward the upper end 

: portion of . the P.the.r elongate bar, such'' as the ' front bar 
52 The -guide . bore,, 104. is formed through the upper end 

',5 pprtion ? off. the other, of the, elongate^ bars,' such 'as .the 
frontr:bar 52 fpr. slidably receiving "the 'guide "pin 96 
therethrough as the barp 52, 'si. are 'pivotaily; moved rela- 

ti.ye to one another:. ...... , f 

■•• ; The ,.lim^ means 92, being a. set .screw threadably 

10 ' received, through fljhfi. .upper ~e { nd ' portion '^of" W 6f the 
. elongate bars", such , as . the front bar 52 , '' extends' trans- 
, .versely toward the „upper end portion' of the ' other' of the 
: elongate bars,, such as the rear bar 54 for engagement 
. therewith upon, rel.ative pivotal movement of the bars toward 
15. one.anpther. The set screw ??" is adjustable 'for presetting 
the minimum displacement between the' upper end portions 60, 
'■<» 64 of the elongate/bars' 52, 54 arid thereby defi Hi ng a 
,. : , maximum . force which can' be! ' applied at ' their lower end 
j., portions. 62, 66 to the resilient spring 44 in the grid cell 

;,-20 42. . .-•'-_ • , .... . . ,. ... , .,. , . ,. ... ., . . 

, r Finally., the, grid force measuring '"apparatus 50 

. .. - includes',. means" for,, sensing 'and' recording "the spririg force 

pf.the grid cell 42. First, means in the 'form o'f a' strain 

gauge 106 is attached V' the ;" lower [ end" portion of "one of 

.25 the "elongate bars, such as, the front bar 52, a short 

■-. ..'distance, below its midsection 56V ' The strain gauge 106 

, ■ , , senses, the,, level,, of th^. increasing force being applied to 

the spring- 44 .within the >ne grid cell ' 42 into which the 

. bars 52 , .. 54. ,! are ' inserted-.." Although the bars- S2; 54 are 

• 30..,. made of metal, the lower end portion 62 of the ' front bar '-52 

is thin .enough in cross-section so as to have sufficient 

flexure to give a meaningful strain gauge readout. • 

Also., ',. the measuring '" apparatus 50 has means, 

generally designated " 108, in the form of a' pair -of elec- 

, 35. ; trical contacts , being coupled ' between the lower 'end por- 

, .: tipnV 62, 66 ot the', front; and' rear' bats 52, 53 and capable 

of breaking contact' with one' another when application of 
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the" increasing force to the spring 44 in the cell 42 causes 
deflection of the,. spring, to occur,. .■ Xhe.. pair;. q£ electrical 

'contacts -108 includes a , circuit element in .the .form of an 
electrically > c onducting, ..plate 110 . attached to and elec- 
trically insulated ;from the, lower end..,pqrtion of one of the 
elongate bars such as. the front ba-r .52,, and the set screw 
86' attached., to* the lower end-, /.port; Ion ; of ,the other of the 
elongate bars/, such , as the rear., bar 54. . . , As .mentioned 
earlier; -one fahction^ of. the.;, set screw 86. is tp preset the 
displacement between the- lover; end portions 62, 66 of the 
elongate bars -52; 54. ; -The ■.. second function, is , to prpvide 
electrical contact .with" the jC^rcuit - ; element 110 when the 
elongate^ bars .,.52. v 54 are initially .inserted into the grid 
cell 42. / . , , - : .. . . 

Lastly, ;as- seen in Fig. 7, the measuring appa- 
ratus '■■ 30' has means in the form of a readout. 112,, preferably 
a suitable digital- type, coupled, across, the terminals 114, 
116 of the strain gauge 106, being^ preferably , in a bridge 
arrangement, and' inf^paralle-l with, the contacts. 108. The 
readout 112 indicates .the ; level - of force the instance 

def 1 e ct i on- ; '6 f the sp r i rig .44 occurs. Spe ci;ficalj.y, a pair 
of ; lead '-'tt a hes-]«ll'l&. 12-0--veouples . : .the r - readout in series with 

-tne^ strain gauges te'.rmi na Is ;1 1.4-; 116. However., the contacts 
108 , :r -l .e\ > tne" circuit ^elemento.a-lO and,- set 0j screw 86, are 
als6 i; c6nnected^ J by- lead .lines... ; 122, r- 124 in series with the 
•strain gauge vterrainals . , . When the contacts. 108 are ,closed, 
the terminals 114, "tl;16;. of -the, strain gauge t X06 are effect- 
ively short circuited and no force .level signal is con- 
ducted to the readout tll2. However, when the force applied 
to " the grid cell spring . 44 is marginally . ^greater than the 
spring force/ -the spring-' 44. .defleGts, and the electrical 
contacts 108 go : -from a closed to. an open condition. Then 
the T strain gauge 'terminals .114, 116 are no longer shorted 
and a signal is generated by the strain - gauge 106 and 
received and recorded by the readout 112 at the instance 
the contacts 108 are- opened: . This provides a determination 
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of the spriritf force, for, the preselected .fuel rod 18 outside 

.?<• i n Big.-?, the pivotally connected <?lorigate bars 
52/ s S4 ; -' Of- the . measuring apparatus SO. are, shown placed 
vertical is- -in ;the grid ' cell : ,42 to be ^easured, with the 
reaf ' bar-'-'54\ in - contact '■ with bath, grid; dimples- 46 and the 
frontier 52 -in contact, with.., the grid,, spring.^, 0 J* lth tne 
•bars preset by : the. -set. scre.wr 86 -at, the , selected fuel rod 
outside diamet«r-«a3imertai<iin-.-#nj* s shaft P 2 in * 

• loosened -condition,; .1th*. depth, of insertion into the grid 
cell -as preset, by the adjustable positioning stop 88. By 
turning^the knob 84, 'the shaft 82 .is gradually tightened 

i- ^Ail -electrical -contact between- the set screw 86 and the 
insulated 'conducting i circuit i element. 110 is., broken. The 

• contact break is .monitored, electrically such : that at,. the 
instance the break occurs, the strain gauge ; ^ 106 _ reading is 
recbrdetf -' by readout : ,,Th.is reading determines the 

-spring- "force fojr one spiring,, 44 . and its associated pair of 
\ dimpl4a'-46< at ^the.;.prese,t ,idin>ension,,across the bars 52, 54. 
■ The 1 same' steps. i are,:rep e ated^tp,,TOea f: ure ; .Jhe.,. spring force for 

the ©ther~-spring .~and-. pai J 5,.p^,di»P,^«.i n i /^ e "J"?,;" 11 * ^ 
'two readings are , added ^together: , to get . ?:he ; total spring 

'•• force' i-n the ugiven* cell.. > . .:■ ; ; —.,!., :. - 

. - . • By increasing. or -decreasing the preset dimension 

between the barsvS2, 54 by, for ; , example, increments of two 
' thousandths df^-one^-irtchi:- the pare., may.. be reinserted into 
the cell -42 and the -spring force, again determined. Using 
differences in spring' forced or the . incremental changes in 
preset dimensions, .'the iSpsing rat* characteristic of th 
cell' can be derived .over the total Required range. 
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CLAIMS: " " ' U ■' r '■ 'i -' v 

1. A spring- forte " measuring ' 'apparatus for 
measuring the spring force "imposed on a^ fuel rod when 
inserted through a'~ celf iri v a 'support grid of a fuel 
assembly which ceil contains fuel-rod supporting spring 
means, characterized by the combination comprising*:' 

(a) means (&0) for generating'' : an increasing 
force at a first location external of Said^grid cell (42); 

(b) ' means {52, "'54, 86 j ; 'for transmitting said 
increasing force from said first ■ location and applying said 
increasing force to said spring means ■ (44)' within the cell 
(42); and ' ' " " " '*"*'' ' ^ 

(c) means (106, ld8, l f 12 ) * f Br measuring the 
level of said increasing force ! at the - instance the appli- 
cation of said force causes deflection ; of sard spring means 

(44),. . , ,; ;7 :> *')"'*'' r ■ • • ? ' -■■ 

2. A spring- •force'' measuring apparatus- 1 ' according 
to claim 1, characterized in that said increasing; force is 
applied to said spring means at said second location in a 
direction generally perpendicular 1 1:6 a central axis of the 
grid cell along which* said -fuel rod is inserted through 
said cell : " ■ % 

.3. A spring-force measuring apparatus according 
to claim 1 or 2 , characterized in that the force trans- 
mitting and applying means (52, 54, -86) comprises- a pair of 
elongate members (52, 54) each having a mid-section (56, 
58) and first and second' end portions (60> 62; 64, 66) 
extending from the mid-section in opposite directions, said 
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elongate members (52,; 54) , being pivotally cdnnected 
together at the mid-sections . thereof,, their. , first end 
portions (60, 64) extending "in substantially parallel 
spaced relationship with respect; to each; pth^r,,; and their 
second end portions (62, 66) extending, in"' substantial ly 
parallel spaced relationship adjacent ! e/ach othej:, • said 
second, end portions ( 6^,-66). of the „. two elongate • members 
having dimensions such as to be insertable together into 
any one of the grid cells (42), and said first end portions 
(=60,:, .^4) . being . operjM?le. r to gradually vary ' the spacing 
between said seconjd, .end portions, 

r. , : 4 N; a spring^ force, measuring apparatus according 
to cJLaim ; . 3, L characterized : in that said, elongate members 
( 52,,., ,5.4). a-re bars ^vot.al.^y. cqnpected together in a manner 
-such that, i movement jp.f sa;^ first end portions (60, 64) 
toward L1 and ..away f rom ones anpther effects movement of said 
seppnd a end portions ($2, 66) away from and toward each 
other, L respectively* the first anql second end portions (60, 
6£) o£. f one, . (52,) of . the. elongate members being offset with 
respect to each other in the direction perpendicular to the 
other P elongate member ; (54).. . _^ b 

tt . ■ .5... ..'A spring; force measuring apparatus according 

to, claim a .or x 4„ characterized in. that said force trans- 
mitting and applying means (82, 54," 86) includes an adjust- 
;.ab_l-e means, (86) , di sposed on the second end portion of '* one 
( t 54) -,of . said elongate; members' and cooperable . with the 
second, /.end , portion of ; Jbe other elongate member (52) to 
preset a minimum .spacing. ^between said lower end" portions 
(62/ .66) and thereby >. a, minimum combined cross-sectional 
dimension thereof such that, when inserted into a grid 'cell 
(42),.. sajd lower end portions . (62, 66) of the elongate 
members (52, 54) . .simulate a fuel rod (18) having a pre- 
determined iOUfer ; diameter. 

, 6. ,A spxing-fqrce measuring apparatus according 
-to claim 3, ,4,or 5, characterized in that tire' force gener- 
ating : means ,, r ( 80). . comprises r a^ f member (82) operatively 
engaged with said first end portions' '(60, 64) of the 
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elongate members. (52, 54) and operable to apply thereto a 
* force { transmitted through the elongate members to said 
second end portions (62, 66) thereof and applied by the 
latter, . when inserted in a grid cell (42) / W the spring 
means:, ( 44.) therein., . 

^ > . 7- < A. spring-force measuring apparatus according- 
to: claim., characterized in that' "said member (82) 

-comprises a shaif.t (B2) rotatably connected to the first end 
portion, of. one ,(52) of said elongate member and ilhreadably 

- engage^, with. i the first end portion of the other elongate 
member (-54). n - .. ■ ■ • - ri ' :si 

A spring-force measuring 'apparatus according 
to claim 7 y characterized in that said' member (82) includes 
a knob (84,) ; connected to one end 'of said" shaft (82) to 
facilitate rotation of the latter. - : 

, f . ; 9. A, spring- force measuring apparatus according 

:< to- .any. one .o^ the claims^ 3 to 8 ; characterized in that one 
<of said elongate members (52, _ 54)" has disposed thereon an 
adjustable, stop (88) adapted, upon insertion of said second 

.end. rpprtions^ (62, 66) . p$ the elongate members into a cell 
C-42/>: p..f <:;< .the .grid ( 16.) ^ to. engage the gricl and thereby 
properly r position said 4 second end' portions in force- 
applying relation ( with.. ; Respect to the spring means (44) 
disposed in, the cell . 

- 10. , , A spring-force measuring apparatus according 

to any one of .the claims 3 to 9, characterized i'n that said 
felongate^members ,(52, ^ 54) have associated therewith^ guide 
means, (£0.) cooperating with said first end 'portions (60, 
64) thereof,,, so as to assist in maintaining alignment of the 
elorigate members f with one another during piVotal movement 
thereof relatiye , to each, .other. " J ' 

•••f: .^i* A spring- force measuring apparatus according 

to claim. 10, characterized , in that said guide means (90) 
comprises a ; guide pin ( (102) secured to the first end 
portion of r pne . (54) of the elongate members (52, 54), and a 
guide, hole, (104) formed t in the first end portion of the 



other elongate member { 52 ) "yMd having : said :i ;guii^p?i? 
s,lidably engaged therein. .. ""' 1 ' 

12. A spririg- force measuring apparatus ■-• according 
to any one of the claims 3 to 11 ' character-i zed'' 1 h ! that one 
(52) ok said 'elongate members (52/ 54) has disposed on said 
first' end -portion* thereof' V 'limit: means ' '( 92 ) cooperating 
,with theVfirsV end 1 p6r%ion d£ the' b'ther elongate member 
(54) * warmer 1 which limits 'such relative pivotal move- 
ment of the elongate members Vith 'respect: ' t«r:eaclv other as 
results in increasing the spacing between the second end 
portions (62./ ' '66) ' of the elongate 'member, and which thus 
f ;im4t^/^the . maximum fbrcfe ^ applicable by said second end 
portions" to said 'spring' means' (44) /' said ^ limit means (92) 



being, adjustable. 

13. 1 A spring-force" measuring apparatus according 
to "claim 12 , characterized "' in that sa^d -limit*- merans (92) is 
a set screw 'threadedly engaged with' the first *ftd portion 
of ''said .one elongate 'memBer (520 enga-geable with the 
first end portion of said other elongate -4netfOSer ti(r54 ).■>:; 

14. A "spring- form measuring "apparatus; according 
to any one of claims 4 to"; 13, '• : cnarSt?€eri:ied-^ttr that said 
measuring means U0d'/"""10B; '*112 ) ^om^ses- force- sensing 
means (106 ) connected to at J least ' ohe "of said elongate 
members "(52T 5.4)' for ■ sensing '"tSe A level of increasing °rce 

, /applied through said second ; end l portions of the elongate 

/members to ' said' spring means ^44); deflection sensing means 
(108) connected' to at 'least ' one of saicV elongate members 

.""(52, 54) -for- -sens ing wneri" deflection ' oi. %aid' Spring means 
(44)' occurs during "application F of '"'said increasing.: force, 
( and ( indicating means ''fife') ' c ejected to said force sensing 

/means \ 106) and "said deflection se'nsing means (108) for 
indicating 'the ; level of force-applied at. the instance said 
deflection of 'the spring means' /Y44) is occurring. 

15. A spring-force' measuring apparatus according 
to claim 14/ characterized; in that : kaid force sensing means 
(106) is a strain gauge (106) connected to said second end 
portion of one (52) of the elongate members (52, 54). 
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16. A spring-force measuring apparatus according 
to claim 14 or 15, characterized in that said deflection 
sensing means (108) comprises a pair of normally closed 
electrical contacts f connected between said second end 
portions (62, 66) of /She elongate members (52, 54) and 
adapted to open upon initial deflection of said spring 
means (44) resulting from application of said increasing 
force: " v , > • : 

17. A:.spring-force m^ksuring apparatus according 
to claim 16 ^VchaSracterized '.' in 'that J said pair of electrical 
contacts (10;B) cpmppses a. first conduction element (110) 
disposed on and} electrically insulated 1 from the second end 
portion of 6tte/<Q£ said ... -elongate, members (52, 54), and a 
second conduction elemeri?: ^{86*~* disposed on the second end 
portion of -the . .other 'elongate member, said second conduc- 
tion ele^n^om&r^ set screw disposed in 
contact r 'v7ith:';said : first conduction 'element (110) when the 
second end .portion 1 bf ; the elongate ^members (52, 54) are 
initially inse rited* iritW a i c e'll , ( 4v2 ) . 
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